ISOPHOT was used to perform high resolution 60 m scans of Vega, and these were compared with those from Dra, to obtain a Gaussian width of 22 00 2 00 . The dust disc around Vega was mapped, resolving it at 60 m and 90 m with ISOPHOT. At 90 m a Gaussian width of 36 00 3 00 was derived. In addition multi-lter photometry is presented, at 25, 60, 80, 100, 120, 150, 170, 200 m. The data are tted by a modi ed blackbody with a temperature of 73K (Q( ) / 1= 1:1 ). The dust disc has a luminosity L IR /L 3 10 ?5 . Using a distance of 7.8 parsec, 22 00 corresponds to a distance of 86AU, and 36 00 to 140AU.
INTRODUCTION
Vega ( Lyrae, HR7001), a normal main sequence star, was found to have excess infrared emission between 25 m and 100 m using the Infrared Astronomical Satellite, IRAS (Aumann et al, 1984) . They deduced that the emission was caused by a cool dust disc around the star. Gillett (1986) estimated the size of the dust disc was around 29 00 (FWHM), modelled with large blackbody grains as 22 00 (FWHM). He gave a temperature range, using blackbody grains, between 130K and 60K, which corresponded to a spatial range of 36AU to 170AU. The apparent size has been re ned by several authors; Aumann (1991) revised the size to 30 00 instead of 22 00 and Van der Bliek et al (1994) gave 35 00 5 00 Gaussian width, from the special Pointed Observation data from IRAS. The Gaussian width is measured at 60% peak intensity instead of 50% for FWHM, so Gaussian width measurements should be multiplied by p 2:alog(2) to get the FWHM value. We use Gaussian widths here (FW6M).
The wavelength range over which the dust emission can be measured, has meant that it was di cult to obtain new data. Chini et al (1990) and Becklin and Zuckerman (1990) detected Vega in the submillimetre. Zuckerman and Becklin (1993) found that the 800 m ux fell within a circle of radius 25 00 . More detailed investigation in the infrared has needed a new infrared satellite mission. The Infrared Space Observatory (ISO) was launched in November 1995 (Kessler ? Based on observations with ISO, an ESA project with instruments funded by ESA Member States (especially the PI countries: France, Germany, the Netherlands and the United Kingdom) and with the participation of ISAS and NASA et al, 1996) . It has been used to observe Vega between 25 m and 240 m.
OBSERVATIONS
We present far-infrared (FIR) high-resolution scans and maps as well as multi-lter photometry using the ISOPHOT instrument (Lemke et al, 1996) . The P3 detector was used to perform high resolution 60 m scans of Vega and, in order to obtain the instrumental beam pro le, of the calibration star HR6705 ( Draconis), a point source of similar brightness. The 23 00 aperture was used to scan forwards and backwards across the source in a 2 leg 31 step raster scan, with a 6 00 step size and a dwell time of 60s per raster point. These parameters ensure the scans are su ciently long to derive a reliable background baseline (3.5 times the size of the Airy disc), and that detector memory and hysteresis e ects can be assessed by the repetition (forwards and backwards). The scans were centred on the star position and, for Vega, the position angle of the scan was 193.55 (measured East from North).
The PHT32 observing mode was used with the C100 detector to make oversampled maps, where the chopper is used to provide the maximum possible spatial resolution, 15 00 at c = 60 and 90 m. As a point source calibration reference, a similar PHT99 map of HR5340 ( Bo otis) at 60 m was used. The calibration observation (PHT99) used sawtooth chopping, where as the PHT32 mode used triangular chopping, but this did not have a signi cant e ect on the results. Far-infrared photometry using the C100 and C200 detectors at c = 60, 80, 100, 120, 150, 170, 200 m was 00 and 180 00 180 00 for C100 and C200 respectively, and the 180 00 diameter aperture is used for the P2 and P3 detectors.
A list of the observations is found in Tables 1, a detailed description of the ISOPHOT observing modes is given in Klaas et al (1994) .
DATA REDUCTION
The data were reduced from Edited Raw Data (ERD) level using the ISOPHOT Interactive Analysis Software Package (PIA) y (Gabriel et al, 1996) , version 6.2. The calibration is based on the general calibration les (CAL-G) version 3.02. Standard corrections for Cold-Readout-Electronics (CRE) non-linearity, de-glitching and signal derivation were applied. Detector transients were excluded using drift detection. The data were converted into ux units (Jy/beam) using the Fine Calibration Source (FCS) calibrations. The FCS measurement of the C200 photometry showed very serious detector transients on each chopper plateau due to an imperfect setting of the FCS electrical power. Drift tting using an O set Exponential function has, therefore, been applied in this special case. The resulting correction factor of 0.76 for the obtained uxes has been used. The scan results were at this stage extracted from PIA and the further data reduction was performed using dedicated IDL routines. The photometry data were further processed by subtracting the background, co-adding of the 9 or 4 pixels of C100 or C200 respectively and correcting for the point spread function losses. A special correction factor for the signal losses due to the strong detector transients in chopped measurements of 1.8 was applied for C100 based on the P3 staring result at the same wavelength. The oversampled maps were produced and at-elded by the PIA AAP package.
RESULTS

Photometry
The results of the far-infrared photometry are summarized in Table 2 . The data match the previous observations by y PIA is a joint development by the ESA Astrophysics Division and the ISOPHOT Consortium led by the Max Planck Institute for Astronomy (MPIA), Heidelberg. Contributing ISOPHOT Consortium institutes are DIAS, RAL, AIP, MPIK, and MPIA. Cohen et al (1992) .
IRAS and with the KAO (Harper et al, 1984) very well, within the estimated errors of about 20% at 25 and 60 m and 30% beyond 60 m. Fig. 1 shows a plot of our mid-and far-infrared photometry compared to the photospheric component as modelled by Cohen et al (1992) out to 303 m, and with our linear extrapolation further to 1300 m. The dotted line shows the best t obtained with a modi ed blackbody with an emissivity proportional to 1= 1:1 and a temperature of T = 73K. The t describes the data beyond 60 m very well. About 93% of the total excess ux can be tted by this one component. Fig. 2 displays the pure excess ux, i.e. the measured Vega uxes with the photosphere model subtracted. Overlays of dust models clearly show that the ux distribution can not be explained by a pure black-body. The modi ed black-body with an emissivity law Q( ) / 1= 2 falls too steeply, especially taking into account the available submillimetre data by Zuckerman and Becklin (1993) and Chini et al (1990) . It should be noted that, even though the simple one component model with an emissivity law Q( ) / 1= 1:1 matches the data from the submm down to 12 m very well, due to the gap between 25 and 60 m (where there is no lter/detector on ISOPHOT) the t is not extremely well constrained. The derived temperature strongly depends on the 25 m photometry and its correct colour correction.
Scans
The raw data of the scans calibrated in Jy/beam are shown in Fig. 3 . The uxes of Vega and Dra in the FIR are very similar. The symmetry of the scans shows that the data is basically free of long term detector drifts. Using a simple Gaussian deconvolution (with Dra representing the point spread function) according to 2 disc = 2 obs ? 2 psf yields a Gaussian width (FW6M) of 19 00 , which corresponds to a FWHM of 22 00 in good agreement with the IRAS result by Aumann (1984) using the same method. The slight o set in Fig. 3 between Vega and Dra re ects the very small uncertainty in ISO pointing (the pointing o set for Dra was 0.3 00 and for Vega 1.3 00 ).
The size of the Vega disc can be estimated using a method described by Van der Bliek et al (1993) , for a sim- (Harper et al, 1984) , triangle and crosses: submillimetre data from Zuckerman and Becklin, 1993 and Chini et al., 1990 . Flux values, see Tables 2  and 3 . The solid line shows the ux of the model photosphere, extrapolated to 1300 m. For the ISOPHOT data a 30% error that has been adopted. The dotted line shows the best t by a modi ed BB with T=72.8K and an emissivity law of Q( ) / 1= 1:1 to the data. Harper et al (1984) . The submillimetre data are from Chini et al (1990) , except which is from Zuckerman and Becklin (1993) . The photospheric component of Vega was taken from the model by Cohen et al (1992) , extrapolated to 1300 m. gives the ratio between the total measured FIR ux and the photosphere model. ilar investigation of IRAS data, adapted to the ISOPHOT data. The contribution from the photospheric emission of Vega at 60 m was modelled by Cohen et al (1992) to be 1.1Jy. Therefore, from our photometry we derive the pure excess emission to be 9Jy. It is assumed that the excess emission of Vega has a Gaussian shape. The modelled prole of Vega is the sum of this Gaussian and the pure point source pro le of Dra scaled to Vega's photosheric ux. The width of the Gaussian was iterated until this modelled prole matched the measured one. In Fig. 4 the method, with Gaussian widths for the Vega disc of 20 00 , 22 00 and 24 00 , is compared to the Vega scan data. The errors in the individual data points are shown in Fig. 3 , but the quality of the t is assessed from consideration of the whole data set. From this modelling, taking into account the photospheric component of Vega, we derive a characteristic size of the disc emission of 22 00 2 00 Gaussian width (FW6M). This is smaller than the value obtained by Van der Bliek et al (1993) , who found 35 00 5 00 based on dedicated IRAS Pointed Observations. At the distance of Vega of 7.8pc (from Hipparcos) this corresponds to a characteristic radius, r =86AU. Using this distance and the temperature we have derived, an estimate of the grain radius can be made, following Backman and Paresce (1993) ; the grain radius derived is 110 m.
An attempt was made to further improve these results by performing a deconvolution of the Vega data using the HR6705 scan as a beam pro le kernel. For the deconvolution the maximum likelihood method was used. The data is compatible with an extended source in the centre combined with a detached ring (or sphere) at a distance of about 42 00 , i.e. 164AU from the source. The sampling of the scans was, however, not ne enough to determine clearly de ned inner and outer radii. 
Maps
The PHT32 maps in Fig. 5 show clearly that the Vega excess was resolved not only in the high resolution scans, but also in two dimensions with the oversampled mapping mode. There is no indication for an asymmetry in the data. We therefore conclude, that Vega has a face-on dust disc, since the lack of reddening at optical wavelengths precludes a dust shell, and Vega's low v.sin i suggests that the star is viewed pole-on. A two-dimensional Gaussian was tted to the data and the disc size was determined using a quadratic deconvolution of the ISO Z-axis diameters. Using Boo as point source reference a Gaussian width of the Vega disc of 22 00 (at 60 m) is obtained, in good agreement to the one obtained for the high resolution Dra scan which yielded 19 00 . The slightly braoder pro le of the map is a systematic discrepancy due to the chopped observing mode which introduces not yet corrigible transient e ect of the PHT detectors.
At 90 m, we use a theoretical point source pro le, since no standard star is available, and apply the same method outlined above. We derive a Gaussian width (FW6M) of 36 00 3 00 for Vega. This corresponds to a characteristic radius of r =140AU.
SUMMARY
We have imaged the dust disc around Vega, resolving it at 60 m and 90 m with ISOPHOT. The dust disc appears to be face-on.
Comparison of high resolution scans of Vega at 60 m with those from Dra, we obtain a Gaussian width (FW6M) of 22 00 2 00 for the disc component. If a model with a detached ring is used, the distance is 42 00 .
At 90 m we derive a Gaussian width (FW6M) of 36 00 3 00 . Using the distance given by Hipparcos of 7.8 parsec, 22 00 corresponds to a characteristic radius of 86AU, and 36 00 to 140AU.
The infrared photometry from 25 m to 200 m, the data are best tted by a modi ed blackbody (Q( ) / 1/ 1:1 ) with a temperature of 73K. The infrared luminosity is LIR 1.6 10 ?3 L , giving LIR/L 3 10 ?5 . Using the formula for estimating the dust mass from Becklin and Zuckerman (1990) , with = 200 m, we estimate Md 0.08 Mmoon (3 10 ?9 M ); from Klaas and Els asser (1993) , we estimate Md 0.4 Mmoon (1.5 10 ?8 M ), showing that the mass of dust around Vega is very small. 
